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Background of the Invention 

The subject invention is directed to a sheet product which is useful as separator components for batteries 

; s and to improved batteries containing the formed separator. More specifically, the present invention is directed 
5 to a thin microporous sheet product composed of a hig hly f i fled polymeric matrix or a low level filled (including 
. unfilled) polymeric matrix having a porous support sheet embedded between the sheet products first and sec- 
ond major surfaces and having an average pore size distribution across the thickness of the sheet product 
such that there is a gradient of nominal pore size increasing from each major surface towards the central, in- 
terior portion of the' sheet product's thickness. 
10 Membranes have been formed from various materials and used in various applications such as in ion ex- 

change, osmotic and ultra filtration devices including desalinazation, kidney dialysis, gas separation and other 
applications. Macro and microporous membranes have been used as a means of insulating and separating 
^^^r^gs in battery devices. Each application provides an environment and a set of desired parameters which 
are distinct to the specific application. j . , M , 

is Storage batteries have at least one pair of electrodes of opposite polarity and, in general, have series of 

adjacent electrodes of alternating polarity. The current flow between these electrodes is maintained by an elec- 
trolyte which may be acidic, aikaline, or substantially neutral depending upolri the nature of the battery system. 
Separators are located in batteries between adjacent electrodes of opposite polarity to prevent direct contact 
between the oppositely charged electrode plates while freely permitting electrolytic conduction. Separator 
20 components have taken many forms." In a modern battery design, the separator is in the form of a thin sheet 
or film or more preferably, a thin envelope surrounding each electrode plate of one polarity. 

It is generally agreed that one of the critical elements in a battery design is the separator component and, 
to be highly effective in the design, the separator should have a combination of features. The battery separator 
must be resistant to degradation and instability with respect to the battery environment, 7 including the other 

25 battery components and the battery chemistry. Thus, the battery separator must be capable of withstanding 
degradation of strong acids (such as sulf uric acid commonly used in acid battery designs) or strong alkali (such 
as potassium hydroxide used in alkaline battery designs) and to do so under ambient and elevated temperature 
conditions. Further, the separator should also be of a thin and highly poroOs character to provide a battery of 
high energy density. Although battery separators of thick or heavy design "have been utilized in the past, such 

30 materials detract from the overall energy density of the battery by reducing the amount of electrodes that can 
be contained in a predetermined battery configuration and size/Another criteria is that the battery separator 
must be capable of allowing a high degree of electrolytic conductivity. Stated another way an effective sepa- 
rator membrane must exhibit a low electrical resistance when in the battery. The lower the electrical resistance 
the better the overalF battery performance will be. Astill further criteria is that the separator should be capable 

35 of inhibiting formation and growth of dendrites. Such dendrite formation occurs during battery operation when 
part of the electrode material becomes dissolved in the electrolyte and, while passing through the separator, 
deposits therein to develop a formation which can, after a period of time, bridge the thickness of the separator 
membrane and cause shorting between electrodes of opposite polarity. 

In addition to meeting the above combination of properties, it is highly desired to have a sheet product 

40 which is capable of exhibiting good physical properties of tensile strength, flexibility and ductility to withstand 
the handling and processingwithout developing imperfections and cracks which would cause the sheet product " 
to be unsuitable as a battery separator. Meeting this criteria is contrary to some of the above described prop- 
erties (i.e. thin and lightweight material and high porosity to provide good conductivity). In providing envelope 
type separators, these physical properties must also be accompanied by the ability of the material to be seal- 

45 able by heat, or other means so as to provide a pocket design. , 

Various microporous membranes or sheet materials have been suggested for utilization as a battery sep- 
arator. Separators conventionally used in present battery systems are formed of polymeric films which when 
placed in an electrolyte or an electrolyte system, are capable of exhibiting a high degree of conductivity while 
being stable to the environment presented by the battery system. The films include macro porous as well as 

so microporous materials. The porosity permits transportation of the electrolyte. Examples of such separators 
include polyolef in sheets which have been stretched and annealed to provide microporosity to the sheet, such 
as is described in U.S. Patents 3,558,764; 3,679,538; and 3,853,601. In addition, other separators which in- 
clude filler materials are disclosed in U.S. Patents 3,351,495 and 4,024,323. These separators exhibit electrical 
resistance which does not permit the formation of a highly efficient, high energy battery system. Other poly- 

55 meric materials have been used to form various membranes but, in general, are not capable of forming a very 
thin microporous sheet capable of exhibiting the above combined properties. For example, osmotic and ultra- 
filtration separation membranes have been formed from polysulfone. However, these membranes are normally 
anisotropic in configuration, are substantially non-flexible and are not ultra-thin, high void volume products. 
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uttons ?n^zinc f^^n^ < ^twy° lySlJ,f0ne meI ?5 rane used to separate two different electrolyte sol- 
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mance characteristics while being able to be formed into a pocket design tZtor 

. The sheet product of the present invention should be in the form of a verv thin sheet of i«. «n •, 
and preferably less than 10 mi.s in thickness. The thin sheet is b^^^SS^^tS^ 
herebetween. The body making up the thickness is composed of a subLntia3i?™^ 
from a polymer (particular polymers described below) with particulate ni^^^^J^^^T? 
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The polymer used to form the body of the sheet product of the present invention can be selected from poly- 
mere which are stable with respect to a battery environment for which the sheet product will be used. That is 
stc'.l. to say, the polymer must be free of chemical groups which are subject to being attacked and decomposed by 
the components making up the battery environment. For example, the polymer must be stable to strong acid 
5 when contemplated for use in an acid battery (i.e. lead-acid battery) or to strong alkaline environment when 
contemplated for use in an alkaline battery (i.e. nickelzinc using aq. KOH, as electrolyte). Examples of polymers 
stable to acid environment include polyolef ins (polyethylene, polypropylene); halogenated polyolef ins (polyvi- 
- • - nyl chloride; polyvinyl fluoride, polyvinylidene 'chloride and polyvinyl idene difluoride); polyphenylene oxide; 

. vr polyphenylene sulfide; polyethylene-acrylic acid copolymers; polystyrene; polyacrylonitrile; polycarbonate' 
10 polymers (polyarylether sulfones) as well as their copolymers and mixtures thereof. Examples of polymers si? 
< ^ ble to alkaline environment include polyolef ins, (polyethylene, polypropylene), polyamines, polyurethanes, 
i - polyethylenimiries, polyvinyl alcohols, cellulosic materials as well as their copolymers and mixtures thereof. ' 
The preferred polymers used to form the body of the subject separator are fully described below. 

15 A. Polyacryl ether sulfones _ : ,™ 

^ The polysulfones found useful in providing the sheet product and the resultant battery separator of the 
present invention are polyaryl ether sulfones. f The polysuifone can be viewed as having recurring units which 
* " ir is shown below " ' - 4 : ." ' 




J h 



wherein n is an integer of O to 3 (preferably 0 or 1) and each R' independently is selected from hydrogen or a 
C| - C 3 alkyl, preferably methyl. The above polyarylether sulfones may be used as homopolymers or as copo- 
lymers of the polymeric groups described above where R is selected from more than one of the groups descri- 
bed hereinabove. Further, the above polyarylether sulfones may be formed into copolymers with polysuifone 
groups which are void of ether groups therein such as: 
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*. «** battery separator. The 2?, ^SSXSXSSS^^f^ 
n*S*. .tombed properties: For" "example, it is known that in<™«L £I/h po^enc component which can. have cus- 

in providing a composition which can be procw^T.^?^ aids 

a.u- - The polysutfdnes used herein should have a wetaht av«««A nll'i , ; - ct ?*< ,c, >' and Radel (Amoco). 
,^about200.( ro o.prefe^ 

to about 300-C with from about 1 75»C to about 2So££innZS' ™? £? ,ymer T 9 8nould 08 about 150«C 
thestmcturebf^ 

r « tional analytical means " ; " ~ ° ° ' be determ,n «d by one skilled in the art by conven- 

csuch as sulfonic or carbo^l c^oul ScT^the ^ ' 
: - one.or more of particular graup descrX ^^^^"X? U "f^ uted or substituted with 
* grouporeach on different aryl J^pTESffiS D 2fl fl r f? ^ d,fferent 9™P* °" a single aryl 
or carboxy. groups, either asTf^acfdt^ 

, ,, Polysulfones useful in forming the faJ^nU^^^** - - 

thesis of Poly(arylene sulphonas? by (Lie Tot a TSSS^Xi^S^ ^?^ n - S ^ 
,: ether sulphones)" by -Cudley'et a f Polvme>92es moSTo- ( , i ): Structures of P°'y (diphenylene 

4.105.634; and U.S. 4,108 837 L Sls S i 38 1 ' 016 ' 245 : U -S. 4.008.203; U.S. 

rn.the.ary. group can be do^cS '"corporated herein by reference. Substitution of 

acting polymSr^h chlorbiuiS b * accompiished by con- 

, as well as by methods disclosed In J « • fUrt ™ >x,dew,thLew,sbase s. sulfuric acid and oleum 

■:(1976). ' no ^^TT^- ^- WW Sc,e "<» by A. Noshay et al in vol. 20 at pp. 1885-1903 
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f B. Polycarbona tes £ — » v * ^ . t 

entiIv^Sr°p^ 

shown below: carbonates. These polymers can ^. vlew^ae havlnfl recurring units which to 
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the aryl group lean ST 1 2-pheS ^^^^a^T^ ** mU,tip,e UnltS thereof - For °*™P'e. 

like: JlXvi Tnn o J Jrl^ 1.4-phenylene, 1.4-diphenylene, 1.3'diphenylene and the 
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like; alkaryl and aryl alkaryl groups can be 




wherein each R' is independently selected from Hvdroaen riacT fl iL ^ 

dently selected from integers of 1 to 3 (pn^bi?^ y « ea^ 'l S ^ X " ^ eaCh lndePen - 
group and sulfoaryl group are each represented by R ™ ^ m6thy,) : The «W 
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wherein Z is*an integer of 1 or 2 and A reom«Ante k« r v ^ w: '-v ^ ' 

or para p^. A>fed rn^ZZZ^ZS'^ «" ^ orthd. meta 



as ^rfced hereto^ . /?* « ? W.orwtth aryt.and sulfaryl groups. 



r5 vc VThe polycarbohates can be-formed by known means anri HiiV^***--'* 5 " r " v :/c - ^ ; ; 

20 , about 300-C with from about 175-0 to l^^^SS^Sii^^^^^ 3b ° Ut 150 ° C to 
thestructure^the.ppl^ 
- tiorial analytical means... . , T . , : , ' °™"** a **™'^.*y °. ne sk ! lle d in the art by conven- 

• - The subject polycarbonates have benzylic hydrooens Which «n Ka L^ s " : ' s r ; '" ^ 1C 
sociatlve groups, such'as alkyl (preferably Vc^S^^^ 
* - group; suchas sulfonic or caVboxylic acid'gSup Tne diSl?fftff5?? ♦I"?"** " * 8 dtoioc,a ** 
>' respect to polysulfones is applicable here ? " YP of subst.tut.on described above with 

"ponentSSS^^ 
cent (preferably 1.5 to 7 wt %) based onTe^o^oSSi?^^ ?nd fr0m 05 to ^weight per- 
^ - polymetha^ylicacid^ 

bonate with a polyacrylic acid or a pol)^^^^^!!*^^^ iS formed from P^ycar- 

tures exhibit a combination oftougZaSi^ With "" *™+~»«>« mix- 

tegrity under the adverse conditions faundTopl^£li^ " 8eParat0,S WhiCh ~ nma,ntai " in- 

chain unit, d.„v.d from „, e (^-J^J "^"T""" . r,to * h * rei " • nd *> <*• appended claims to polymer 
» ha* sww „, u „ ils C^M^Z^^^ZZ^IT ™ ,eOUla ' 
ai.fcnn.ecuiarweio^o,^ 

a) an organic polyisocyanate. 

b) an active hydrogen containing, isocyanate-reactive materi a 'i hoLi«o • : : '' ' ' ' V 
tionality of.at least 1.9. a glass transition ZSZS^^b^^ 

about 500 to about 20.000; and v . ^ nd a "^'ecu'ar weight of from 

of the above components so t^ h e%1Zm ^^r L^ 9 P ° ,y " rethane is formed 'nm, proportions 
» component (b) therein and the oiS^rS5iS£lI T *°" ° l ° ab ° Ut 20 wei 9 ht P ercent of 

actants (a), (b and (c) is in SnWof^^ST^^ ? ^ ^ hydro9en groups in the re - 
4.376.834 and 4.567.236. th« f irtlrSKS* 1» ° 5:1 - Such mat erialsare disclosed in U.S. Patents 

o h ,o^„.di,a My a„a te ,a.a,^r^^ 
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iL^rilSSJ? T™ WhiCh ^ aVaMable """-wWly. to'W'ne diisocyanate, hexamethyfene diisocyan- 
^tne^e^^ i4anatS 
, .he invention is methy,enebis(pheny1 isc^ SS! SSSS^ 

cyanate. By the latter are meant those forms of methylenebis(phenyl isocvanatel which hivA hoon mT 
reacted*^ 

^ t «a rmxture of aliphatic glycols such as the modified methylenebisfphehyl isoS Sb!li„^ 
Nos. 3,394,164; 3.644,457; 3.882.571; 4.031.026; 4.115 .429; 4,^S^S4^7^^^f^ 
, ,. . lenebis( P henyl isocyanates) also include those which have been treated so as ^o^otveft a So^^t X " 
, ofjhe diisocyanate to the corresponding carbodimide which ^uSS^S^S^Z S X ur" 
. e emane-imine groups, the resulting product being a stable liquid at ambient tempera^ a^^ ^ ex 

~* • The iso ^ ana f reactive mat erial [component (b)] emptoyed in. forming the pdy\jrethane used in the wes- 
EfE nt,0 lT n t be sa,acted from te ""'"ated materials, such as polyethef polyols! 

ated polycarbonates, hydroxy-terminated polybutadiene, hydroxy-terminated polybutedfentacrS^ 
SZ^TXTT 6 C0P ° ,ymerS 0,dialk * siloxane and alkylene oxide, such as Z£%5*£ 
pylene oxide and the l.ke. The component (b) material must have a functionality of at least 1 9 TalaL f™™£™ 

oZT^I of ,ess , than 20oc> and a mo,ecu,ar weight in *° ™** o^sTJa^lToTZ * 

„ glass t/ans.t.on temperature is a well- recognized property. (See. for example, Encyclopedia of Polymer Sc, 
... ence and Technology. Vol. 3. p. 620. .nterscience Publishers. New York. 1965. The SLiffi nwSJTifcS 
average) f component (b) is within the range of from about 1250 io about 10,oTa7dS^feS 
■ A between about 2000 to about 8000. The functionality is preferably not qreater than 6 , and ^ZSSf* 
from about 1.9 to 4 and most preferably 1.9-2.5. ' • vV^vT ° ^ a !rf tha !! :. 6 and ' n ^ ore Preferably. 

20 nl^h P ° nen ' (b) T ba e , m P |oved in formi "9 the polyu'rethane used herein in amounts of Up to about 
20 percent by weight preferably from 0 to about 7 percent by weight and most preferably from 0 to 5 perctn 

co'Zfen HhW n t ; nStanCeS ' n 18 mOSt Prefemd t0 h3Ve the PO'V^nane fbLd wiluTme uJil^o^ 
component (b) or with very small amounts-of this component (b) n.e. up to about 2 wt %1 

Illustrative of polyether polyols are polyoxyethylene glycols, polyoxypropyiene glyco s which ootionallv 

li^JTs ^ , ^ tetrah y dro - alco "o's s«ch as glycerine, trimethylolpropane. pentaerythritoi and the 
•- e m - Wt " C h "W ated compounds have been capped with ethylene oxide, polytet^nethyiene "dycTrZ 

fro* any of toe above by reaction with di-or higher functional carboxyiic acids or esters derived froTsaid adds 
mwhich latter case ester interchange occurs and the esterfying radicate are replaced by Xhe^polyofrad! 

a2 g rH Sly '! 9 P ° ,yether PO,y ° 18 emp, ° yed 38 com 'P°nent O) in the pdyurethanes of the invemion'have 
a pnmary hydroxy! group content of at least 80 percent The preferred polyether polyols are random ^nd blS 
copolymers .of ethyleneand propylene oxide of functionality apprcxima'elj 3.6 a£ 

polymers of functionality greater than or equal to 2.0. - po'y'miaomernyiene glycol 

In a particular embodiment of the invention the component (b) which is employed can be a doIvoI obtained 
E 9 any ° f abOV8 P0,y6ther P0,y ° ,S With a di - «' trifunctional aiiphatic'or ^^SbSSES 
ln?me^ 

The polyether polyols which can be employed as component (b) also includel'he vinyl reinforced polyether 
polyols. e.g. those obtained by the Polymerization of sty^ 

Illustrative of polyester polyols are those prepared by condensation polymerization by esterificaHon of 
polycarboxylic acids such as phthalic terephthalic. succinc. glutaric. adipic. azeteic aS 2 like adds 2 oolv 
hydnc alcohols such as ethylene glycol, butenediol. giycerol. trimethylolp^pane, l^exTn^Zl^et 
anedime hanol and the like. A preferred group of polyesters are those obtained by 'J^S^SSSS- 
menc fatty acid, such as oleic acid, with a relatively .ong chain-aliphatic diol such as h^'^SStSSL 

cmn^fii 1- °! po ' ycarb ° nate8 containing hydroxy! groups are those prepared by reaction of diols such as 
propane-1.3-drol. buta n e-1.4-diol. hexan-1.6-diol. diethylene glycol, triethylene glycol, dipropyiene glycol ? 
sphenol A and the like with diarylcarbonates such as diphehylcarbonate oV with phosgene ^ 
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- 'illustrative of the siliwnHSdhtainlng plolyethers are the copolymers of alkylene oxides with dialkylsiloxanes 

- such as dimethylsilbxahe and the like; see, for example, U.S. Pat No. 4,057,595. / - f r * 

Illustrative of the hydroxy-terminated polybutadiene copolymers are the compounds available under the 
- & trade name Poly BD Liquid Resins from* Arco Chemical Company. Illustrative of the hydroxy- and amine-' 
5 ^ terminated butadiene/acrylonitrile wpolymera'are the m available under the trade name HYCAR hy- 

- * ^ drbxyl-tettninate<f (fit) Liquid Polymers and ^ine-tenriinated (AT) Liquid Polymers, respectively^ - r ^ ■ 
w:ri 'Component (c) which is used in preparing the polyurethane, found useful in preparing the sheet product 
-'- arid resultant separator of the invention afe^indusiye of aliphatic straight and branched chain diols, induding 
-^cydo aliphatic laiolsi preferably havirig , from "about 2 to 8 carbon atoms, indusive, in the chain. Illustrative of 
10 A such diols are ethylene glycol, 1,3-propanediol, 1,4-butanediol, 1,5-pentanedioU 1,6-hexanediol, 1.2-prdpane- 
diol, i ( 3-butanediol, 2,3-butariediol, 1,3-pentanediol, 1,2-hexanediol, 3-methylpentane-1,5-dio., : 1,4-cydohex- 
-™ ariediorand the like indudlrig mixtures of two or more such diols. The extenders, which can be used alone or 

- ? in [ admixture with each other or^ any of tfie above dtojs, alsqjnclude diethylene glycol, dipropylerie glycol, tri- 
v r propylene glycol; find the like, as welf as ester diols obtained by esterifying adipic, azelaic, glutaric and like ct 

15 aliphatic dicarboxylic acids with aliphatic diols such as those exemplified above utilizing from about 0.01 to 
f about 0.8 mole of acid per mole, of diol. Also included in the extenders which can be used in preparing the poly- 
• ; ' urethanes usefulin this invention are the adducts obtained by an aliphatic diol or triol such as 1,4-cydohex- 

- anedimethanol, neopentyi glycol, t hexane^1.2-diol,. ethylene glycol, butane-1,4-diol, trimethylolpropane and 
r the like with ^caproladohe in a mole ratio of from 0.01 to 2 moles of caprolactbne per mole of diol or triol. 

20 fid*: .tn : A -preferred i polyurethane fare those in which the polyisocyanate is a diisocyanate, such as methylene 
r bis(phenylisocyanatej (MDI). The active hydrogen containing component (b) is selected from a polycarbonate, 
" rr p6lysilicon ether as described above and it is preferred that component (b) be either substantially absent or 

- present in small amounts of up to about 2 wL percent of the polyurethane. The component (c) is selected from 

- a small chain aliphatic oran alicydic diol such as 1,5-pentanediol, hexane-1,6-diol, 1,4-cydohexanediol or 1,4- 
25 1 cyciohexanedimethanol or mixtures thereof. For example, polyurethanes formed from MDI and cyclohexane- 

diol or cyclohexandimethanol in ratios of 1.0 to 1.05:1 are useful herein, 
i^--;**: thermoplastic polyurethane useful herein normally have a weight average molecular weight of from 

- about 50,000 to about 3,000,000 arid preferably, from about 350,000 to about 3,000,000. Blends of different 
* molecular weight materials can be us^. 1 ./ f . - "'" ; 

D. Halogenated Polyoleflns ~ 'i'- ^ - r. . ^ ! ^ ^ 

- r Polymer used to form the body of the sheet product of the present invention may be a halogenated polymer, 

- such as a polyvinyl halide, post halogenated polyvinyl halides, polyvinylidene halides and the like. The post- 
35 halogenated polyvinyl halides and, specif ically, post chlorinated polyvinyl chlorides and polyvinylidene dif luor- 

ide are preferred. ''"'I c- ■: ;;:r ^ ; > ^ 

- : — The polyvinyl halide found useful in forming the subject sheet product should have a halogen content of 
at least about 55 wt. percent of the polymer. The polymer pan have the halogen randomly or systematically 
: distributed along the polymer chain. The preferred polyvinyl halide has an inherent viscosity (ASTM D1243- 
40 66) of from about 1 to 1 .5 and preferably from about 1 to 1 .4. Low inherent viscosity grade (from at least about 
1 .02 to 1 .06) material can be blended with high inherent viscosity grade material (inherent viscosity of greater 
than about 1.2). . r : - • * ' ft 

The halogenated olefinic polymer used in forming the present sheet product can be a* post-halogenated 
polyvinyl halide such aslchlbrinated polyvinyl chloride ("CPVC"). Formation of CPVC can be carried out in 
45 known manners as described in the paper, "Chemically Modified Polyvinyl Chloride" by M. L. Dennis et al. con- 
tained in "Encyclopedia. of Polyvinyl Chloride," Vol. 1, Ed., LI. Mass at pages 225 to 255 and the references 
cited therein, which teach ings^are incorporated herein by reference. *> ;■ " ; H 

"CPVC can have a structure wherein the chlorine is in 1,1 or 1,2 substitution or a combination thereof. The 
post-chlorinated PVC can be of the lower solubility type (G-type product) or the higher solubility type (L-type 
50 product) as both contain the solubility characteristics as described hereinbelow. 

"•*" The chlorine weight content "of the post-halogenated polyvinyl halide should be at least about 60%, with 
greater than 65% being preferred. This polymer can be blended with lower chlorine content (from about 55% 
to 65%) andhigher chlorine content (from about 65% to 70%) material. * 1 ; 

the halogenated polyvinyl halide (non-post-halogenated and post-halogenated) found useful herein 
55 should have a glass transition temperature of at least about 90°C and preferably between about 95°C and 
110°C. : r... - ' - 

Other halogenated polymers found useful herein are homopolymers of vinylidene dif luoride wherein the 
fluorine is in a 1,1 or 1,2 substitution configuration (1 ,1 preferred) or a combination thereof. (For example, a 



8 
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_ commercial product, Kynar* 700) In addition, the polymer product may be selected from interpolymers of vi- 
„^ \'nylidene difluoride with other fluorine-containing ethylenically unsaturated monomers which have been copo- 
r - ^yrn^riz©^ therewith. The comonomer component may be present in up to about 30 weight percent The fluorine 
"containing unsaturated comonomers can, for example, be selected from hexafluoropropene (HFP), tetrafluoro- 
5 "1 ^ethylene (TFE), perfluroalkyl perfluorovinyl ethers (preferably the atkyl is selected from Cf-C^alkyl) such as 
11 L pe"rfluoro(methy1yinyi) ether, perfluoro(propylvinyl) ether and the like, pentafluoropropylene, trifluorochloro- 
J^ rn ^tftyleje and the like. The subject polymer product when in the form of an inteipolymer can be composed of 
"^'ySi^idene difluoride with one or more than one additional comonomer Of particular interest with respect to 
^ ,1 . providing the subject sheet product are interpolymers of vinyl idene difluoride/hexafluoropropene which contain 
to 'J fl at least 70 (preferably at least 75) weight percent of vinylidene dif luoride monbmeric units and the remainder 
*7L being [from hexafluoropropene monomer units (For example, acommercial product; Kynar* 2801). Other im- 
portent Interpolymers for the present invention are composed of vinylidene difluoride in combination with hex- 
\ , Jafluoropropene and tetrafluoroethylene. Again, these interpolymers should' be composed of vinylidene difluor- 
'de units in at least 70 weight percent and the remainder of the interpolymer being a mixture of HFP and TFE. 
*5J!/7in any ratio but preferably in weight ratio of about 1:0.001 to 1:1." ^ Tri f r r l ~ *' 

^The vinylidene difluoride polymers should be selected from high molecular weight polymers having a 
7" weight average molecular weight of at least about 250,000, preferably from about 250,000 to about 500,000. 
"" Higher molecular weight polymer can be used as needed to increase the tensile properties of the resultant 
~ c _ sheet Alternately, the polymers may include lower weight average molecular weight polymers of from about 
20 "100,000 to about 200,000 which are capable of contributing the desired viscosity to an initially formed dope 
/ composition. In certain instances, when a lower molecular weight polymer product is used, the dope compo- 
sition may further contain known agents capable of causing vulcanization of the vinylidene difluoride polymers 
/ at temperatures to which the formed sheet product is subjected during or'subsequent to formation. Such vul- 
c V canizing agents are well known and include, for example benzoquinones or 1 .^naphthoquinones in combin- . 
25 7/ ation with usual additives, as discussed in U.S. Patent 3,872,065 to Schmiegel, which teaching is incorporated 
^'herein by reference. *-.-r.^ :. < ~ -~ * - ^ ' v "\" ^ 

r The polymers or blends of polymers, as described above, should be soluble in a f irstTiquid while being 
substantially insoluble in a second liquid (including mixtures of mi nor amounts of first liquid and major amounts 
of second liquid) and wherein the first and second liquids are miscible to a high degree with one another. The 
30 ^ polymer should be soluble in the first liquid in at least about 2 wt percent,* preferably from about 2 to 30 wt 
"'percent High solubility within the first liquid is preferred. The first liquid to be used will depend upon the polymer 
of choice and the availability of a second miscible liquid. For example, when polyolefin is the polymer of choice, 
.the first liquid can be a higher molecular weight hydrocarbon, such as a light petrol ium oil, vegetable oil and 
7! the like which is capable of forming a fluid polymer/filler mixture at elevated temperatures (i.e. 100°C) and, in 
35 such instance, the second liquid can be a halogenated hydrocarbon (i.e. carbon tetrachloride, methylene chlor- 
ide), hydrocarbon solvents (i.e. hexane, toluene, cyclohexane) and the like. When the polymer is chosen from 
polymeric materials having polar or functional groups, such as polyalcohols, polysulfones, polycarbonate, poly- 
vinyl halides, polyurethanes, the first liquid can be a polar organic liquid, such as N-methyfpyrrolidone, dime- 
' thylformamide, diethylformamkJe, dimethylacetamide and the like or a halogenated hydrocarbon such as di- 
40 chloroethane, trichloroethane, tetrachloroethane, trichloropropane and the like. Liquids having low rates of va- 
porization are preferred. The second liquid in such instances can be chosen from water, or organic liquids which 
, .are miscible. with the first liquid and incapable of dissolving the polymer. Such liquids include methanol, ethanol, 
" ethylene glycol, glycerol, ethers, glyme and the like. Water is the preferred second liquid. Each liquid (first and 
I second) can be used alone or as a mixture provided the resultant mixture meets the solubility criteria described 
45 * hereinabove. Normally, the second liquid is used alone and may contain minor amounts (up to about 40%) of 
first liquid as the total weight of solution. - , 

/. I The filler to be used in forming the polymer/filler/first liquid mixture, described above and the resultant 
polymer/filler matrix of the sheet product of this invention should be a particulate material having high surface 
area (BET; about 20 to 950 rr^/gm. preferably at least 100 m 2 /gm), high pore volume (BET; at least about 0.2 

so cc/gm; preferably at least about 1 cc/gm). The size of the ultimate (non-agglomerated) filler particulate material 
should be very small having an average diameter of from about 0.01 to about 75 microns. The low end of the 
particle size range refers to single particles while the high end may include agglomerated material, for particles 
which exhibit such tendency. The particle size is preferably from about 0.01 to about 50 microns). The filler 
'should be substantially free of large (greater than 100 microns) diameter particulate material (ultimate or ag- 

55 . glomerate material). The filler must be inert with respect to the battery environment and must be substantially 
insoluble with respect to the first and second liquids when used in forming the subject sheet product, as fully 
described hereinbelow. 4 - , _ 

The particulate material used as filler component of the subject sheet product can be selected from a va- 
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riety of materials such as metal oxides and hydroxides as, for example, oxides and hydroxides of silicon, alu- 
' minum, calcium, magnesium, barium, titanium, zirconium, cerium, iron, zinc and tin; metal carbonates as, for 
example, carbonates of calcium and magnesium; minerals as, for example, mica, vermiculite, mohtmorillonite, 
kaolite, attapulgite, talc, and diatomaceous earth; synthetic and natural zeolites; silicates as, for example, cal- 
;.'cium i si Ucate, aluminum polysilicates, alumina, and silica gels; ceilulosic materials as, for example; wood flours, 
wc^f^ glass particles,as, for example microbeads, hollow microspheres, flakes 

; and fibers^CarbonacTO^^ as, for example, carbon black, acetylene black; coafdust, arid graphite may 

be used in Ismail amounts in combination with the other particulate material. * * *• - — 

^?l tat ^ ?J$ V ?- the filler must be selected with respect to the battery environment with which the subject 
separator is intended for use. That is to say the particulate filler must Be inert with respect to such'end use 
battery environment Therefore, , alkali, insoluble particulate such as zirconia and titanium dioxide (preferred), 
' oxides, hydroxides and carbonates of calcium, magnesium, iron, rare earth and the like should be used only 
in sfteet products which ultimately are formed into battery separators for alkaline batteries: Similarly; acid in- 
soluble particulates such as silica (a precipitated silica is preferred), and the like should be used only in sheet 
products which" ultimately are formed into battery separators for acid batteries:* Certain particulates can be" 
used in either acid, alkaline or neutral battery systems and include carbon, coal duist, graphite and barium sul- 
fate. Particulate materials^whiph are inert to a battery system can be mixed to form the total filler content used 
in the sheet product' • r&.r-t :Ki :^^ • .- -T«\iv: f vvv \.: ?j&oi-**?t ^n,. -r. 

The sheet product of the present invention has a porous support sheet contained* withirTthe thickness of 
the sheet product. The sheet can be in the form of a scrim, a woven or non-woven fabric or a knit material and 
can be formed from a continuous or non-continuous fibrous material. The material used to form the sheet com- 
ponent of the sheet product must be a material which is inert to the battery environment. Although the sheet 
component is contained in the interior of the sheet product's thickness, it is contacted with electrolyte solution 
(including cathodic and anodic material in the solution) as the solution passes througharid is contained in the 
separator; Thus, the material can be, for example, selected from glass, polyolef in, polyester or polyacrylonitrile 
polymer filaments or mixtures or copolymers formed with other stable monomelic units (i.e. polyacfyioni- 
trile/polyacrylic acid copolymer; polyolef in/polyacrylic acid copolymer) when the sheet product is used to form 
a separator for acid battery utility. Sheets formed from polyamides and the like are suitable to form sheet prod- 
ucts used to form separators for alkaline battery application. The sheet may be planar (that is, have substan- 
tially planar major surfaces) or patterned (that is, have patterned elevated and depressed sections of the major 
" surfaces. It is preferable to uti lize a planar sheet to assure that the sheet is contained within the body (or thick- 
ness) of the sheet product The sheet is preferably formed from a substantially uniform, thin denier thread (deni- 
er of from about 0.02 to. 10} to also assure that the sheet is .contained within the body of the sheet product. 
The sheet should have a tensile strength of at least 5 pounds per linear inch. The particular thickness of the 
sheet should be less than about 0.8 (preferably less than about 0.6) of the thickness of the sheet product The 
sheet should extend for substantially the full length and breadth of the resultant sheet product" D - f 

This sheet product of the present invention can be formed by various means. Generally, the polymer and 
particulate material are mixed together with the first liquid to provide a substantially uniform polymer/f iller/f irst 
liquid composition. The first liquid being a liquid in which the polymer is soluble when in concentrations of from 
about 2-30% wt. % (preferably 2-20%). The polymer may be present in from about 2-30 (preferably 2-20) wt. 
percent and the f iller may be present in from about 2-40 (preferably 2-20) wt percent of the total composition. 
In a preferred embodiment, 1 part by wt. polymer, 1 part by wt filler and 8 parts by'wt first liquid are used to 
form a dope composition. The amount of polymer and filler used in the composition should be such that their 
ratio is substantially the ratio of polymer/filler required in the resultant sheet product. Normally this is 1:4 to 
4:1 and preferably 1:1.5 to 1.5:1. The amount of-first liquid used to make the composition must be sufficient 
to provide a composition having a viscosity of from about 100 to about 10,000'cps (Brdokfield viscometer #3 
spindle at 12 rpm) preferably from about 500 to 8000 cps to be sufficiently viscous to have "body" when com- 
bined with the sheet as described below. To enhance or attain the desired viscosity, one can add effective 
amounts of a Viscosifier agent provided such agent is either inert to the battery environment or is soluble in 
the second I liquid to be remoyedalqng with the first liquid component of the dope.- : '~ - " " 

, Another embodiment of the present invention provides a battery separator having low content (0 up to 
about 20 weight percent, preferably from 0 up to about 10 weight percent) of the particulate filler, described 
hereinabove. When low filler content is desired, it has been unexpectedly found that the filler can be removed 
provided the polymer component is composed of a major portion of a polymer with a minor portion of a structure 
enhancing agent. When such low-filler content sheet product is formed, the resultant separator is capable of 
maintaining its high void volume, exhibits very low electrical resistance when in the battery system (in com- 
parison to sheet product void of structure enhancing agent) and exhibits high tensile strength. 

The structure enhancing agent useful in the present invention when low-level filler separator is desired 
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45 



55 



should be capable of exhibiting a combination of properties with i» so «rtt rt fh« now- . 
t and with respect to the resultant sheet product. Firstly the aoSnt .ES ? w ~' ar ^vmertTlrat liquid 
of the polymer/first liquid by a factor of at least about 5 faM Th sh , ould be ^P 80 '* <* "creasing the viscosity 
, . - mer/first iiquid having' a *LJ^^Z^^£%^ ^Ts^ ^ ^ 8 *» 
. s cps (Brookf ield. #4. 50 rpm) when the aaent is made « <1 * Y 88St ab ° Ut 250 cp8> Pliably 500 
be substantially insoluble iri £ se^noTqu U r^K?w^iTT P ^ SeC ° nd,y ' the a 9 entsho ^ 
, . .-alloy, in the sheet product after ««^la\^£^ <? U< * 88 8 P ° ,ym8r 

; ..stable with respect to the battery system conl«^ ^ j^^SiHS^ r^J,** PO,ym8^ • 
■ the pore volume of the re^^^^ 
10 Firth, the agent should be capable of Uarti^ 

.resultant separator (compared to sheet product without agent) ' ° ° J 1 **? ^J!W> the 
\ * i- Tl ? e formed separator unexpectedly exhibits the combined oroMrttaft «f hinV^w , • - • - r 
-, . .3 resistance, good physical strength and stability over mZSSSSTt!^!l is??!!?* *" 

tery system. The separator is composed of a polymeric ^mXeTformel Sl'^J?^ ' * 
is. and from about 0.1 toJS weight percent (preferably abS TstloTt^T™?*^ 1 *' 
, the polymer component, of a viscosifer/surfacan^ 

r .a polysulfonic acid polymer salt based on the total polyme ^n^tTJ£^^ , I" 1 *™*' * M W 
■ . the sheet product may contain low-levels of puldLSEZ al oTex^S of V P '*S PO,y ^ /a 9 ent mi *ure. 
. .,, cent, preferably from about 0 to 10 weiaht oercent ThJ TJi 7 of from 0 to . ab °"t 20 weight per- 

». Polymer and the agent (and. where ■a^T^taT2£?" y d ° P8 ^P 08 '" 0 " should contain the 

the first liquid of the dope fe TZ*eT^ a ™u«Jf^ appropnale to attain the above composition when 

.composition of U,e resuitant sheet product and by th. CS^^Ti^Sd^ - ^ 

» . . butadiene, isoprene, ethylene anSX^lTr^^T^ *' SUCh 88 an alkylene (e.g. 
. homopolyme^ 

r ,. ferred polymers are acrylic acid polymers of hig3lec^^^^ 7,18 most pre- 

polyether. (Sold under the trademarVxarboS") - - 9 - cross-lmked with a polyalkenyl- 

5.000.000 and most preferably ^J^ZS^ toT^^I^ about 400.000 to about 
miscible with and swellina in the first limiin «,„■ to J*' 00 ° >00 °- The se polymers (as the salt) should be . 

resultantseparatoriscontemplatS e8rth ^ ° Xlde ° r hvdroxide when the 

ithasbeenLxpecte"^ . 
amines, can be used to fonX poly^r^ P ar «cular secondary and tertiary 

. included in the battery separator EES SSSSSd^S^ PO'^^c acid polymer salt to be" 
environment The amine can be selected from dS^ lnT ?^ 8 8nd - 001 detn ' me ntal to the battery 
selected from a C 2 to^M^^^^^I^^ T ***** iS inde P«" d ently 

»Vlpyrr«iaon e .Lh,Le$ 



11 



EP 0 618 629 A1 



polyacrytic acid which is at least partiaily neutralized with diisopropanolamine, trtethyiamine, di(2-ethythexyl)amine 
(preferred) and the like to provide a high viscosity dope. - v * * > 1 " / V 

•■■ The polymer/filler/first liquid or polymer/agent/first liquid composition can be impregnated into the sheet 
iri^>annerwhW to be uniformly distributed throughout the thickness of the sheet 

and to extend on each side thereof to form a coating of dope composition on each surface of the sheet This 
'can be done by various. techniques such as dipping, coating, and the like. It is preferable to impregnate and 
coat; the' sheet by 'applying the" dope "composition onto one major surface of the sheef and forcing the dope 
: through thVsheet while maintaining the other major surface free. As the dope penetrates through the sheet 
■ in this manner; the air in theVheeVs voids '©forced to exit via the free surface and the free surface subsequently 
attains saturation and a coating of the composition. Jhe dope may be applied in more than one application, 
such as be first applying a low viscosity (e.g. 400 to 1 000 cps with #4 spindle at 50 rpm) dope and subsequently 
applying to at least one surface a higher viscosity dope. The resultant impregnated sheet should be free of air 



vbidsandbubbieis:;,;;;, ^. - - > - v-^-j-^'w- 



- * The impregnated sheet is then contacted with the second liquid, as described above, to coagulate and sol- 
idify the polymeric component with its filler, where appropriate, while simultaneously removing the first liquid 
'from the fibrous sheet composite. The second liquid should contact both surfaces of the previously impreg- 
nated support sheet in a manner which provides for substantially equal and concurrent rates of removal of the 
first liquid from the impregnated sheet The resultant mixed liquid should be removed and replaced with fresh 
r 'second liquid to maintain low concentration of first liquid in the conctact bath. The'second liquid should not 
• ; contain first liquid in high concentration. It has been found that the formed sheet product of the present inven- 
* tion has porosity composed of pores such that there is a gradient of nominal pore sire (the pore size with respect 
; to any specific increment of thickness) increasing from each major surface of the sheet product towards the 
interior central portion of its thickness. Generally, the pores exhibit a progressive and substantially continuous 
"increase in pore diameter from each major surface towards the central section without having a major change 
occur at the region adjacent each major surface (the portion of the sheet products thickness which is imme- 
■•' diately adjacent to a major surface and includes the surface, per se. as well). In addition, the sheet product of 
" the present invention preferably has a substantially uniform void volume profile across its thickness. 
' : '" In the preferred embodiment, the support sheet should be impregnated with the liquid dope composition 
3 & by applying the dope onto one major-surface of the support sheet and forcing it through the sheet while main- 
' Gaining the other major surface free. As stated above, a second application of dope composition (preferably of 
higher viscosity) may be applied to one or both surfaces. This mode of application is preferred when applying 
,vr a low filler content dope composition. The impregnated sheet may then be processed through a means for 
regulating its thickness such as by using doctor blades or the like and subsequently immersed into a bath of 
: second liquid in a manner which substantially simultaneously contacts each of the major surfaces of the im- 
pregnated sheet to second liquid; The second liquid should not be allowed to accumulate in high concent rations 
: 'in the first liquid. The concentration of first liquid should be as low as possible and less than 40%. preferably 
less than 30% of the total liquid. Although it is common practice to use a support member in forming mem- 
branes it has been found that all of these steps should be done without the aid of a support member, After the 
impregnated sheet is contacted with the. second liquid and the first liquid has been at least partially extracted, 
" the resultant sheet product may be brought in contact with rollers and the like. The resultant sheet product 
s should be washed with fresh amounts of second liquid to cause removal of substantially all of the first liquid. 
"For example, when the first liquid is selected from an organic solvent, such as N-methyl pyrrolidone. the first 
' solvent should be substantially completely removed. . 

The resultant sheet product is a microporous sheet of very high porosity (porosity of 50 vol. percent and 
; 3 even up to 80 vol. percent). The sheet product has a length and breadth and a predetermined thickness which 
D should be less than about 50 miis. and preferably less than about 10 mils. Very thin, flexible sheet products 
" : havirig'good rnec'hanfc»i properties of tensile-strength and ductility have been unexpectedly formed. 
c l The resultant sheet product is a material where the porosity is composed of pores such that there is a gra- 
" "dient of average pore size. from each major surface toward the interior, central portion of the sheet product's 
thickness. The average pore size in the region adjacent to each major surface is less than about 3 microns, 
preferabiy'less than about 2 microns and most preferably less than about 1 micron. The interior region of the 
sheet product contains p'dres having an average pore size greater than that of the surface region (normally at 
x least about 1 .5 times)! The overall pore size may range from 0.01 to about 10 microns. These measurements 
can be made by scanning" electron microscopy and analysis thereof and may be conf irmed by mercury intrusion 

"method. ... , '-..-. r - : -»•• ■■" r " *' - * * • ... . 

The resultant sheet product is composed of a polymer matrix of substantially a uniform composition, in 
the case of the highly filled embodiment the filler is substantially uniformally dispersed in the polymer and the 
polymer/filler weight ratio is from 4:1 to 1:4 and. preferably from 1:1 .5 to 1.5:1 . The low-level filler sheet product 
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20 



will have a polymer matrix composition composed of from 65 to 99 q can t« aa c J4 
from about 0.1 to 15 (1.5 to 10 preferred) parts by w^oh tl^ni i f „" 5 p eferred > P arts ^ wt polymer 
about 10 preferred) parts by wt filler FM^^n^X^V^ CO " d P °^ r ' and f rom 0 to 20 <° *> 
scribed above and the seconXpp. calionfc ^^J^S'SST ' * ""T* ? " aPPliCat '° n * 88 de " 
within the sheet product's thickness and 

beyond. This provides a highly effective anchor means to ettaS !..h!2 !. ? to the Surface or 

face of the sheet product (commonly used inTcid^teriesj? 8UbSequent| y app " ed rib •» that sur- 

The sheet product may contain additional components such as wi«r rt eifi a «, . . 
orants and the like. Such materials can be incomora?^ ■ EI »k . \ ^ ' surfactant9 ' antioxidants, oof. 

po.yn.V/filler/first liquid composftion as one^^ 

spraying and the like. eS 0f the second ,K » u,d or separately applied by 

polymer mix) of a polyacyllc add (preferable) or p^J C* IT °°,™<Z°»« °" "» 

^rr^^t^r^ ssisrr ,n, ° an 

•^"•^temp^tureoftheU.^ 

polymer used (preferably af least about 25-c below) ""nation temperatureof the particular 

polarity from contacting one another. In certain insteSc^Tt fa 2S2£El fT" 1 " * ° PPOSite 

or other raised sections (generally for alkaline battened *?' separator be void of patterns 
and the like (general* fofacid biS?K Sbs e^~^ 

matenal capable of adhering to the polymer used to form the bSESJSL? " P ° ,yrnenC 

The following examples are given for illustrative purposes only and are not m l a „f ♦« k .• * 
subject invention, as defined by the appended claims ZJ..!? I! eant to be a ,,mrtat| on on the 
indicated. The electrical resistance w^melre^ 

sheet product was determined by the direct cumntm^h^T •?! ! elect "oal resistance of each 
Characteristics of Separators t^^U^i^SSS^ T*? by J ' J " Um * r and * D " Weaver in 
Cooper and A. Fleischer. ^^bSSS^^^^^Z TT? 8B " n,nB Meth ° ds ' ed * J ' 
electrodes, and Pt screens as the 

des was measured at 20 ma. " - VOltage drop across the reference electro- 



Example 1 



chlor^h^ formed from Bisphenol-A and di- 

diethyldihexyramine, oJ^JSS^SSu and 4^9 EST*.?? 0 " Sy,OX " 2) ' 0 06 part 2 ' 2 " 

(Myers). Th™ solution had a visc^ of 8 93 x J?" (£2%? tv ^ mMoM usin ° a high shear mixer 

A series of products were formed a foltowl A Ts^Tn^^T # * SPi " dle * 12 rpm) " 
the solution by passing the fabric over one oZof f n0 - nW0 „ ven po,vester fabri o was saturated with 

troduced. The solution VZS^SZZ^JJTZ reverse kiss rollers to which the solution was in- 
having excess solution ZoTn^s^ 

vertical direction while passing JZS^Sm^SSS^^ T " * ^ h 3 8ubsta "« a "y 

11 mils thick. The matenal then ^^ln^aa^au!^^ ° * T™** mater,a, ° f about 7 to abou * 
to allow so.idif ication of the p^ymer arS ^ 

to a second aqueous bath JJ^S of S To y^Tye^^^^r^^^"^ 

material was air dried at 60-C for 3 min T^ materia! wafan^ Urthe " emoval of The formed 

a sample in THF and analyzing u^rgaspLT^m^^H ""H* (NMP) by dissolvin 9 

ning electron microscopy (SEM) The nominal vo^ ^T™ P * I f m0fph0,o °y was ana, ^d "sing scan- 
The total void volume was detlled by d f^° n ^ *° Sickness, 

with isopropanol. a.irerence Detween the weight of dried sample and after saturation 
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Example II 



...Mbtod a total void voHm» of 58 parent, a n^lll~yT»S^tf?lS"tf ! ' T^<™«i ~P«*or «. 
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an ER of 0.87 ohm-cm 
Example HI 
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20 



Example IV 



25 



30 



35 



e Q.06 part2,2-diethyfdihexylamine. 0.15 part p^lyacrylib acid and 9 W« I ^2 *? J? 10 m,crons >'' 

^^^^ 

material was air dried at 60°C for 3 min Tt^mMA^^^^^J^^ of or 9 ani <»- The formed . 



sistance of 0.94 ohm-cm. was determined. 
Example V 
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50 



Example VI 



55 



1 00 mtaona. 2.5 parts polyacr** aJd. 12 P«i^XSSJiZ1^ ES?* 'T 2 " 

p:^L?r^^ 

The solution was thus forced through .h. fabHo with ran™, of air and rasu,,ad in a saturated materia! 
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having excess solution on both major surfaces. The saturated fabric as it left the slot had a thickness of 8 mils. 

The saturated material was caused to travel vertically until it entered a series of aqueous baths and then air 
1 .11 - dried, as described in Example IV The material was analyzed for residual organic (NMP) and was found to 
J&] r contain less than 1 % NMP by weight based on the dry weight of the membranes. The morphology was analyzed 
5 - : using scannin^eiectrbn mi (SEM) and the porosity was determined to have very small pores (up to 

*yx rabttit 0.3 microns) at the membrane surface with gradual increase to large pores of from 2 to 5 microns at the 

^internal cenler^ftion ofthe membrane's thicknessTihe total void yolume of 73% was determined by differ- 
&$v* 'ence between the weight of 'dried' sample and after saturation with isopropanol. The electrical resistance of 

2.3 ohm-cm. was determined. _ 
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Example VII 



- " r A separator produrt wasfom manner as described in Example I above except that the poly- 

^ rner/f iller/solutibn was formed f rom 80 parts of a post chlorinated polyvinyl chloride (Temp Rite 666 x 51 2), 80 
15 'T parts of acid neutralized "precipitated I silica (Sylox-2) (pH of 7) having an average particle size of 10 microns 
* and a particle range of from 2 to/l66 microns, 2.5 parts polyacryiic acid, 1 part diethyldihexylamine, 1 part of 
a polyester as plasticizer and 840 parts^methyipyrrolidone. The solution had a viscosity of 5.01 x 103 cps. 
" The saturated fabric had a thickness of 8 mijs. The formed separator exhibited a total void volume of 67 percent, 
a morphology of very small pores (up to 0.3 microns) at the surface with larger pores (2 to 5 microns) internally * 
20 and the web was internal in the separator product The separator had an ER of 1.1 ohm-cm. 

Example VIII 

r'r 1 .:.-^' Separators were formed by Initially 'forming polymer/filler dope solutions having compositions indicated iri 
25 Table II below. The sheet products were formed and analyzed in the manner described in Example I above. 

^J^;^, r^nixr'- w:- '. 1"',,*'"", ~J ± . ... t .u ^ - j " ■ 
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Example IX g 

A solution was prepared by mixing 120 parts of a thermoplastic, high molecular wt. (about 2 million) poly- 
urethane which is substantially free of polyester and polyether polyols of low functionality (Dow; Isoplast 301), 
5 150 parts precipitated and neutralized (pH = 7) silica (Davison, Sylox-2) having an average particle size of 10 
microns with particle size range of from 0.2 to 1 00 microns, 1 5 parts of diionized water and 1215 parts N-me- 
thylpyrrolidone using a high shear mixer (Myers). The solution had a viscosity of 5.33 x 1 0 cps (Brookf ield visc- 
ometer with #3 spindle). 

A 0.5 oz/yds 2 nonwoven polyester fabric (denier of 2.2) was saturated with the above formed solution and 
10 then extracted and dried in the manner described in Example I (30 sec. in first bath). The material was analyzed 
for residual organic (NMP) by dissolving a sample in THF and analyzing using gas phase chromatography and 
was shown to have less than 1 percent NMP based on the dry wt. of formed membrane. The morphology, ana- 
lyzed using scanning electron microscopy, showed many very small pores (0.3 or less) on the membrane sur- 
face and gradual increase to about 5 microns at the interior center of the membrane; The total void volume of 
is 76 percent was determined by difference between the weight of dried sample and after saturation with iso- 
propanol. The electrical resistance of 1.2 ohm-cm. was determined by the direct current method. 

Example X 

20 A sheet product was formed by a dual application method in which a low viscosity dope was first applied 

to a non-woven polyester fibrous sheet (0.75 oz/yd 2 ) and subsequently a high viscosity dope was applied. 

High viscosity dope was prepared by dispersing 1 part of precipitated silica (Sylox-2) and 1 part polyary- 
lethesulfone (Amaco-Udel P-1700) in 7.3 parts N-methyl pyrollidone (NMP) using a high speed disperser/mixer. _ 
While maintaining the mixtdre at less than 30°C, 0.03 part of di(2-ethylhexyi)amine (DEHA) in 2.6 part NMP 

25 are mixed in at low speed followed by 0.03 part of a polyacryiic acid of MW W =4,000,000 (Carbopol 940) in 1.9 
parts NMP. The resultant mixture has a high viscosity of 3300 cps (Brookfield, #4 at 50 rpm). 

Low viscosity dope was prepared in similar manner to above except the ratio components were: 1 part 
silica: 8.31 parts of polymer (12.7% in NMP); 0.015 part DEHA; 1.2 parts polyacryiic acid 940 (1.6% in NMP); 
and 3.18 parts NMP. The final viscosity was 950 cps (same Brookf ield conditions). 

30 - A 9 inch wide polyester non-woven sheet (Reemay 2275, Reemay, Inc.) was saturated by passing contin- 
uously through a bath of 950*cP saturation solution, excess swept off using a Delrin bar riding on top of satu- 
rated web, and coated with 3300 cP solution using a knife blade set 14 mil over a stainless steel smooth sur- 
face. The dual coated fabric was directed 45 degrees off of the plate and into a water coagulation bath (<35% „ 
N-methyl pyrrolidone in water) at a speed between 3 and 8 feet per minute. The coagulated material was com- 

35 pletely formed within 10 seconds of immersion, based on solvent exchange in the room temperature bath. The 
residence time in this bath was about 90 seconds. The product was then passed through a D.I. water rinse 
bath (residence time of 120 seconds), with continuous bath recycling, a spray wash zone (2 gpm water spray) 
and take up. The roll of membrane was dried on a steam drum at 80 to 95°C. The product is 7.5-8.5 mil thick, 
has a porosity from 70 to 73%, shows a maximum pore size of 0.7 to 1.5 micron, an average pore size of 0.1 

40 to 0.12 micron, and has an electrical resistance of 3.5 to 4.5 mohn-in 2 . 
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Example XI : y r -. r ? 
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A separator was prepared in a similar manner as described in Example X except that the silica was omitted 
45 and an increased amount of Carbopol was added. A high viscosity solution was prepared by adding 9 parts of 
polymer (P-1700) to 52.5 parts of N-methyl pyrrolidone followed by addition of 1 part of D(EH)A 37.5 parts of 
a dispersion of polyacryiic acid having a mol. weight (wt. avg.) of about 3,000,000 (Carbopol 934) in N-methyl 
pyrrolidone (2.0%, by weight) was blended into the polymer solution using a high speed laboratory dispers- 
er/mixer at a temperature of 30°C and speed of 4000 rpm. The solution had a final viscosity of 2900 cP (Brook- 
so field, #4 spindle, 50 rpm). Similarly, a low viscosity solution was prepared using the following ratios: 8 parts 
of polymer (P-1700), 79.0 parts of NMP. -12.5 parts of 2.0% Carbopol 934 in NMP, and 0.5 parts of D(EH)A. 
The final solution viscosity was 550 cP (Brookf ield, #4, 50 rpm). 

The dual application was applied in a similar manner as Example X to make two different separator prod- 
ucts by coating a non-woven polyester continuous filament web of 0.75 oz/yd 2 (Reemay 2275) and by coating 
55 a non-woven polyester tri-lobal continous filament web of 1 oz/yd 2 (Reemay 2014). They were coated using 
a final casting thickness of 10 mil and 13 mil, respectively. Washing was done in the same manner as above 
but drying was performed using a floatation air dryer. The separators had the following characteristics. 



18 



EP 0 618 629 A1 





I niCKnoSS (mil J 


Porosity (%) 


Pore Size DisL (microns) 


ER(mohm-in*) 

- 








Max., 


rr * Average 


: 2275 


6.0 


* 70.0 fv " 


0.60 


0.50 


2.5 


r -2014 - 

r.w,' % ; * - 


- *.'-.7.3- 


^ '71.2 ^ 


'1.8 ' * 


.60 


: 1 .: 5,5 



5 

.,J0 



Claims 



: i*V : 
9t- - 



20 



25 



30 



35 4> 



5. 



40 



45 



SO 



55 



7. 
8. 

9. 

10. 
11. 
12. 



' 1 WffiffiEftTS r? f miCr °. POrOUS 8heet product hav, "9 a th '*"«* of less than about 1 .3 
mm (50 mte) bound by first and second major surfaces of the sheet product, comprising a substantially 
uniform mixture of a .polymer and a filler in a wt ratio from 1:4 to 4:1 and having a porous support she* 
substenuallyembedded between the first and second major surfaces and having porosity throuXutthi 
tt^th^^r ^ a , d K iS ! ribut,on of nominal P«-» -creasing InJ^lfytoZZ^ 
elcV™^^ maj ° r POrti ° n ° f S8id inCreaSe 0Ot in ad ^t * 

' nnZV^TV^*?" 9 ,* micr ° porous 8heet P"*"* ^ving a thickness of less than about 1.3 
mm (50 m Is) bound by f .rst and second major surfaces of the sheet product, comprising a substantially 

ZZ£T*\n!r 65 \", * ^ PerC6nt ° f 8 from 0 1 to 15 P ercent o?struc^ure e^ancC 

S;^! .kTI' * 8 " ' nert PartiCU ' ate f iMer and navin 9 a P° rous 8 »PP°rt sheet substantial!? 
embedded between the f.rst and second major surfaces and having porosity throughout the sheet orod- 
a d '^«tion of nominal pore size increasing incrementally toward J, ?j££S£* 
product s thickness w.th the : major portion of said increase not oc^rring in regions adjacent to each major 

fhS 22 f tS arat ° r "T"" 8 1 ° C, , a ' m 1 " 2 Wh6rein the avera 9 e P° re si2e in tha s "eet product is less 
„h IT" 8 ' - the ? mmal P ° re SiZ6 ° f P ° re8 in the immediate P roximi * t° ^ch of the first J£ 

second major surfaces is substantially equal and less than about 3 microns and the pore size dfe nbutfon 

iSTT and sub8tant,a,| y continuous in non*»l pore size from each major surface to th IteS 
central portion of the sheet product's thickness. mienor 

50^0^°' aCCOrdi " 9 10 C ' aim 1 ' 2 ° r 3 Where ' n ^ Sheet ProdUCt h8S 3 P 0 ™ 3 ^ of at ,east abo "' 

A battery separator according to any one of the preceding claims wherein the porous support sheet is 
^S^^V°T^T m ? 1 f , '^ r ' P ° ,y0lefin> Po'^o'glass. and has a teSe strength 
product « J to 0.£ ° 8 thiCKneSS * 8UPP ° rt SheSt tC the thickness of the 8nae < • 

surface area high pore volume inorganic particulate, said particulate having an average particle size of 
from 0.01 to 50 microns and is substantially free of particles having particle size larger than 10? > microns! 

A battery separator according to claim 6 wherein the particulate filler is silica. 

w« a Tl I t eParat0r aCCOrdin9 10 d3im 6 Wherein the P articu,ate «"ar is selected from oxides and hydrox- 
ides of calcium, magnesium, titanium or aluminium and mixtures thereof. 

nT^ZnT^T aC ^" Jin9 l ° a ? y ° ne ° f the PreCeding 0,31018 wnerein tha PO'ymer is a polysulfone. 
polycarbonate, polyurethane. or polyhalogenated olefin. K«y«>u"uiw, 

A battery separator according to claim 9 wherein the polymer is a polysulfone. 
A battery separator according to claim 9 wherein the polymer is a polyhalogenated olefin. 
A battery separator according to claim 1 1 wherein the polymer is a polyvinylidene dif luoride homopolymer 
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or copolymer. _ A L. *' - 

13. A battery separator' according to any one of the preceding claims wherein the support sheet within the 
' sheet product [thickness is positioned adjacent one of the major surfaces. : v. 7 

: ■ . 
5 14 A battery separator according to any one of claims 2-13 which comprises a. structure enhancing agent 
which is a polycarboxylic acid polymer salt formed from a polyacrylic acid or polyalkacrylic acid homopo- 
" lymer or copolymer with from about 0.25 to 1 .01 molar equivalents of a salt-forming cation selected from 
alkali metal, alkaline earth metal or a secondary or tertiary amine. 

10 1 5 A battery having at least one pair of electrodes of opposite polarity, an electrolytic composition and a sep- 
arator positioned between adjacent electrodes of opposite polarity extending ?t least the length and 
c breadth of the^electrodes and comprising a miCToporous>heet product as defined Jn any one of the pre- 
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